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Synthesis of 3-Cyano-3-methylchroman-4-one.
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Department of Synthetics Chemistry and Industrial Chemistry
(Received March 15, 1968)
Condensation of chroman-4·one with ethyl formate in the presence of so-
dium methoxide gave 3.hydro",ymethylenechroman-4-one (11). Reaction of 11
with hydroxylamine hydrochloride, followed isomerization by potassium t-
butoxide gave IV. 3-Cyano-3-methylchroman-4-one was obtained by methyla-
tion of IV or treatment of III with potassium t-butoxide and methyl iodide.
The synthetic modifications of naturally
occurring steroids have resulted in the disco-
very of a number of potent, highly specific,
commercially important therapeutic agents.
Exception for some examples*), none of these
has involved modification of the basic carbon
skeleton of the steroid nucleus itself, but
during recent decade the syntheses of the oxa-
steroids are reported by many workers. These
are 2-oxa-l), 3.oxa-2), 4-oxa-3), 6-oxa-4 !, 7-oxa-
5), 12-oxa-6), 16-oxa-7), and 17-oxa-steroid n.
It is apparent that no steroid analogs has
been prepared in which II-position of steroid
nucleus contains oxygen substituted for car-
bon, and in our laboratory the synthesis of
ll-oxasteroid is attempted. The recent publi-
cationO) of Kasturi and Damodaran on the
applications of 7-methoxychroman-4-one de-
rivatives in steroid synthesis has prompted us
to report the present synthesis of the title com-
Chart
pound.
Chroman-4-one, as the starting material in
the present studies, was obtained by cyclode-
hydration of e-phenoxypropionic acid with
polyphosphoric acid at 90 0 10). Preliminary
attempts to prepare 3-cyanochroman-4-one by
replacement of bromine atom of 3-bromochro-
man-4-one with nitrile group using alkali
cyanide under various conditions were so un-
promising that the other method, which is
applied to the johnson's method ll ), was tried.
Since it has been shown that the methylene
group at 3 position in chroman-4-one is more
reactive than the methylene group at 2 posi-
tion and that the Claisen condensation of 1-
tetralone with ethyl formate gave 2-hydroxy-
methylenetetralone-P2), it is expected that the
Claisen condensation with ethyl formate would
be similarly carried out in the chroman-4-one
series and was shown in Chart 1.
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R. B. Woodward et at. 13) reported that the
isoxazole was readily isomerized to cyano ke-
tone by cleavage of O-N bond in the presence
of basic catalysts. The isomerization of isoxa-
zole III in dry benzene in the presence of
potassium t-butoxide at room temperature
gave 3-cyanochroman-4-one (IV) in yield of
69.2%. The IR spectra have absorption bands
of nitrile and carbonyl group at 2200 and 1700
cm- I , respectively. Whereas the isomerization
with sodium methoxide in methanol or sodium
ethoxide in ethanol gave only unidentified
materials.
Methylation of cyanoke-
tone IV with potassium t-
butoxide and methyl iodide
in t-butanol gave 3-cyano-3-
methylchroman-4-one (V) in
yiele of 70.9%. The IR
spectra [(nujol) 2200 (C =eN)
and 1700 cm- I (C = O)J and
microanalyses of V are in
agreement with the expected
structure. The isomerization
of III followed methylation
with methyl iodide in the
presence of potassium t-but-
oxide gave V in yield of 85. 5
96, whereas the same treat-
ment with sodium ethoxide
gave V in 14.296 yield and
the use of sodium methoxide
gave no expected product.
Chroman-4-one was condensed with ethyl
formate in dry benzene in the presence of so-
dium methoxide to give the corresponding
3-hydroxymethylene derivative (II) in 88.7 %
yield. The IR spectra [1640cm-1 (C=O)J and
microanalyses of II are in agreement with the
expected structure.
The interaction of hydroxymethylene II
with hydroxylamine hydrochloride in acetic
acid gave the isoxazole (III) in 93.1 % yield.
The IR spectra of III shows bands at 1670cm-1
(C=N).
(a)
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ExperiInental Section*)
Chrolllan-4-one (I) was
prepared by cyclization of
~-phenoxypropionic acid ,0)
with polyphosphoric acid**).
The IR spectra is shown in
Fig. 1(a).
The 2, 4-dinitrophenylhy-
drazone was prepared by
(e)
'u I
Fig. I. IR spectra of I (a), II (b), III (c), IV (d), and V (e)
*) All boiling and melting
points are uncorrected. Micro-
analyses were performed by Miss
H. Otani and T. Nisi.
**) Polyphosphoric acid was
prepared from 320 ml of 85 %
phosphoric acid and 500 g of
phosphorus pentoxide by heating
at 180° to obtain Icomogeneous
sloution.
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usual method 14l and melted at 239~242° (from
ethyl acetate).
Anal. Calcd. for C 1cH: zN40,;: C, 54.88; H,
3.68; N, 17.07. Found: C, 54.87; H, 3.83;
N,17.14.
3 - HydroxYIllethylenechroIllan- 4 - one
(II). ~ To a suspended solution of 11. 4 g of
sodium methoxide and 15.6g of ethyl formate
in 100 ml of dry benzene was added a solution
of 14.8 g of chroman-4-one in 100 ml of benzene
with cooling and the resulting mixture was
stirred for 4 hr at room temperature. A yellow
precipitate gradually formed. The mixture
was hydrolyzed with 100 ml of water and the
organic layer was extracted with 596 sodium
hydroxide solution. The alkaline layers were
combined, washed with ether, and acidified
with cold hydrochloric acid. The separated oil
was extracted with ether. The extract was
washed with water, dried (NazSOj), and con-
centrated to give 15.6g (88.7%) of crude pro-
duct, which was satisfactory for the next step.
Distillation of crude product gave a yellow
viscous oil, bp 130~140°/5~6 mm, nZ5 1.6278,
accompanying decomposition. The IR spectra
is shown in Fig. 1 (b).
Anal. Calcd. for C,uHsO;j: C, 68.18; H,
4.58: Found: C, 67.17; H,4.70.
ChroIllano[4,3-d]isoxasole (III). ~ A
solution of 15.3 g of crude 3-hydroxymethyl-
enechroman-4-one in 140 ml of acetic acid was
stirred for 8 hr at 70~80° with 15.0g of
powdered hydroxylamine hydrochloride. The
most of acetic acid was removed at reduced
pressure, and the residue was diluted with
water and extracted with ether. The extract
was washed with saturated sodium bicarbonate
solution and with water, dried (NazS04), and
concentrated to give 14.0 g (93. 196) of crude
isoxazole. Recrystallizations from ligroin gave
a pure chromano[4,3-d]isoxazole of mp 56~
58°. The IR spectra is shown in Fig. 1 (c).
Anal. Calcd. for C 1nH 7NOz: C, 69.36; H,
4.07; N, 8.09. Found: C, 69.08; H, 4.27; N,
8.40.
3-CyanochroIllan-4-one (IV). ~ To a cool-
ed solution of 1.5 g of potassium in 45 ml of
l-butanol was added a solution of 2.6 g of iso-
xazole I II in 60 ml of benzene. After stirring
for 2 hr at room temperature, the mixture was
hydrolyzed with water and extracted with 590
sodium hydroxide solution. The combined
alkaline extract was acidified with cold hydro-
chloric acid. The separated oil was extracted
with ether. The extract was washed with
water, dried (NazSO j), and concentrated to
give 2.5 g (96.296) of 3-cyanochroman-4-one.
Recrystallization from ethanol gave a pure
sample of mp 86.5~87.5°. The IR spectra is
shown in Fig. 1 (d).
Anal. Calcd. for C. 1H 7NOz: C, 69.36; H,
4.07; N, 8.09. Found: C, 69.63; H, 4.09; N,
8.10.
3-Cyano-3-IllethylchroIllan-4-one (V). A.
Directly froIll III with potassiuIll l-but-
oxide. ~ A solution of 2.0 g of potassium in
60 ml of l-butanol was added to a cooled solu-
tion of 3.6g of III and 10 ml of methyl iodide
in 90 ml of l-butanol. After stirring for 5 hr at
40~45°, the solvent was largely removed at
reduced pressure. The residue was taken up in
a mixture of ether and benzene, washed with
dilute sodium hydroxide solution, dilute hy-
drochloric acid, and with water, dried(NazSO~),
and concentrated. The residue was recrystal-
lized from ethanol to give 3.2g (85.8%) of 3-
cyano-3-methylchroman-4-one, mp 69-70.5°.
The IR spectra is shown in Fig. 1 (e).
Anal. Calcd. for CllH:NOz: C, 70.58; H,
4.85; N, 7.48. Found: C, 70.76; H, 5.01;
N, 7.65.
The 2,4-dinitrophenylhydrazone melted at
202~204° (from ethyl acetate).
Anal. Calcd. for C;7H13NcOj: C, 55.59; H,
3.57; N, 19.07. Found: C, 55.21; H,3.83;
N, 18.88.
B. Directly froIll III with sodiuIll
ethoxide. ~ To a cooled solution of 2.7 g of
III and 8.0 ml of methly iodide in 60 ml of
ethanol was added a solution of l.Og of sodium
in 40 ml of ethanol with stirring. After stirring
for 5 hr at room temperature, the most of the
solvent was removed. The residue was diluted
with water and extracted with a mixture of
ether and benzene. The extract was washed
with 590 sodium hydroxide solution, dilute
hydrochloric acid and with water, dried
(NaZS01), and concentrated to give O.4g (14.2
96) of V.
C. FroIll IV. ~ To a cooled solution of
1.3 g of IV and 6 ml of methyl iodide in 40 ml
of l-butanol was added a solution of 0.6g of
potassium in 30 ml of I-butanol with stirring.
After stirring for 5 hr at 40~50°, the solvent
was largely removcd at rcduced pressure. The
residue was diluted with \vater and taken up
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in a mixture of ether and benzene. The ex-
tract was washed with 5 % sodium hydroxide
solution, dilute hydrochloric acid and with
water, dried (Na2S04), and concentrated to
give l.Og (70.9%) ofV.
References
1) R. HIRSCHMANN, N.G. STEINBERG and R. WAL-
KER, J. Arn. Chern. Soc. 84, (1962) 1270; R.
PAPPO and C.J. JUNG, Tetrahedron Letters (1962)
365; R. PAPPO, U. S. Patent, 3,128,283 (Chern.
Abstr. 61, (1964) 3170cJ.
2) T. L. JACOBS and N. TAKAHASHI, J. Arn. Chern.
Soc. 80, (1958) 4065; S. D. LEVINE, J. Med.
Chern. 8, (1965) 537; R. HECKENDORN and CH.
TAMM, Helv. Chirn. Acta 50, (1967) 1499.
3) N. W. ATWATER and J. W. RALLS, J. Arn. Chern.
Soc. 82, (1960) 2011; G. R. PETTIT, T. R. KAS-
TURI, B. GREEN anJ J. C. KNIGHT, J. Org.
Chern. 26, (1961) 4773 anJ references cited
therein; J. T. EDWARD and J. M. FERLAND,
Chern. & Ind. (1964) 975.
4) G. V. BHIDE, N. L. TIKOTKAR and B. D. TILAK,
TetraheJron 10, (1960) 223; N. W. ATWATER, J.
Arn. Chern. Soc. 83, (1961) 3071; H. SMITH,
G. H. DOUGLAS and C. R. WALK, Experientia
20, (1964) 418.
5) Y. MORISAWA, Y. KISHIDA and K. TANABE, Agr.
BioI. Chern. (Tokyo) 28, (1964) 788.
6) J. A. ZDERIC, U. S. Patent, 3,102,829 (Chern.
Abstr. 61, (1964) 7082eJ,
7) R. W. KIERSTEAD and A. FARAONE, J. Org.
Chern. 32, (1967) 704.
8) G. R. PETTIT and T. R. KASTURI, J. Org. Chern.
25, (1960) 875; S. RAKHIT and M. GUT, J. Org.
Chern. 29, (1964) 229.
9) T. R. KASTURI and K. M. DAMODARAN, Tetra-
hedron 22, (1966) 1027.
10) J. D. LONDON and P. K. RAZDAN, J. Chern.
Soc. (1954) 4299.
11) W. S. JOHNSON, J. W. PATERSON and C. D.
GUTSCHE, J. Am. Chern. Soc. 69, (1947) 2942.
12) W. S. JOHNSON and W. E. SHELBERG, J. Arn.
Chern. Soc. 67, (1945) 1745.
13) R. B. WOODWARD and R. A. OLOFSON, Tetrahe-
dron Supp!., No.7, (1966) 415.
14) R. L. SHRINER, R. C. FUSON and D. Y. CURTIN,
The Systematic Identification of Organic Compounds
(1956) 219.
